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(54) Pilot symbols 

(57) The invention includes a method of inserting pi- 
lot symbols into communicatbn signals in which a plu- 
rality of signals to be transmitted are generated; each 
slgr^al is divided into frames and each frame consists of 
a plurality of blocks. A pilot signal block is inserted into 
each frame of each signal before transmission. The pilot 
signal blocks are inserted in a time staggered fashion, 
spread though out the frame. The pilot symbols are time- 



staggered using an arbitrary algorithm for the pilot sym- 
bol insertion. This enables each receiver to perform 
more accurate, continuous channel estimation and re- 
sults in a reduced Bit Error Rate (BER) and an improved 
Quality of Service (QoS). A receiver according to the in- 
vention makes use of pilot symbols of all other users in 
the system in order to improve its channel estimation for 
user k and this gives more reliable data detection. 
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Description 



[0001] This invention relates to a method and apparatus for inserting pilot symbols into communication signals, and 
m particular to a protocol for inserting staggered pilot symbols into a synchronous multiple user Code D^/ision Multiple 
Access (CUM A) signals. 

[0002] in radio communication systems, multiplexing schemes are employed to share common frequency bandwidth 
be ween multiple users. This enables one temr,inal to communicate with another over a radio channel using a coded 
spread spectrurn signal with codes which are almost uncorrected, thereby p^o^^ding a multiple access system in which 
the collisfons between signals broadcast concurrently are not destructive. In CDMA systems, the signal from each of 
W different users is multiplexed by substrtuting each brt within the signal by a number of shorter brts. called 'chips- 
chosen according to a particular 'channelization code'. Since the occupied bandwidth expands after the substitution' 
this process IS often called 'spreading' and CDMA systems are often referred to as spread spectrum systems Afte^ 
spreading, the signal from each user occupies the total available bandwidth. The signal is detected and decoded at a 
receiver by means of correlation with the appropriate channelization code 

[0003] In multi-user CDMA systems all signals transmitted from the same transmitter may be made synchronous i 
e. all bits, and therefore all chips, are aligned in time as in. e.g., the base station transmitter for a downlink communi- 
cation, re. base statin to mobile station communication. This allows for the use of orthogonal channelization codes 
wh^h prevent multi-user interference, although some cross-talk due to multipath propagation may still occur The 
multipath propagation can be accounted for by Vake'^fetection at the receiver This means that the receiver applies 
several detection fingers', with each finger detecting a particular multipath component. The finger outputs are then 

and hence do apply a single finger" receiver rather than a full rake receiver The invention works for a rake receiver 
accordi n gly. 

[OOOfl Coherent detection is used to mprove the detection and decoding process at the receiver. I n order to laoilitate 
the coherent detection process the receiverneeds to estinnate the current channel conditions which may be time varying 
"^"^ "'^^ P^°P^9^"=" environment. Typically, pilot symbols, whose data information is 

H^Jj^^i 1.'^ Channelization code'. Alternatively, the transmitter may Insert pilot symbols periodical^, using the in- 
fZTl T °' "'"^'P'«'<«'^ signal; thus each signal has its own llme-muKlplexed pilot symbols 

inserted in between data symbols. At the receiver, changes In the channel conditions are interpolated using appropriate 

XuhrnlTrV inaccuracies in the channel estimation process which 

affect the data detection and decoding processes 

gerieratlng a plurality ot signals to be transmitted, each signal being divided into frames, each frame consisting of 

a plurality of blocks; ^ 
generating a plurality of pilot signal blocks to be inserted into the signals before transmissbn ■ 
inserting into each frame of each signal a pilot signal btock; and 

characterised in that 

the pilot signal btocks are inserted in a time staggered fashion, spread though out the frame 
[0007] A receiver receiving a transmitted signal may make use of the pilot signal blocks in the other transmitted 
signals. 

[0008] According to a second aspect of the invention there is provided a method of inserting pilot symbols into com- 
munication signals comprising: 

generating a plurality of signals to be transmitted as a composite signal, with each signal divided into frames each 
frame consisting of a plurality of blocks; 

for each signal, inserting a pilot signal block into each frame before transmission ; 
characterised in that 

the pilot signal block of each signal is inserted so that the pilot signal blocks within the composite signal are time 
staggered though the frame. 

[0009] A receiver receiving a transmitted signal may use the pilot signal blocks which are present in the composite 
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{001 OJ The pitot symbols are time-staggered using an arbitrary algorithm tor the pilot symbol insertion. This enables 
each receiver to pertomri more accurate, continuous channel estimation and resutts In a reduced Bit Error Rate (BER) 
and an improved Quality of Service (QoS). 
V [0011] In a conventional system an arbitrary user k (for example: a mobile user, receiving a composite multi-user 
CDMA signal, with the users being synchronous) has its own time-multiplexed pilot symbols (i.e. a block of pilot sym- 
bols). The receiver for user k estimates the channel by using its dedicated pilot symbols and conventionally, the pilot 
symbols are time-aligned. When the pitot symbols remained time-aligned among all users the receiver may only obtain 
only one channel estimate per frame. 

[0012] A receiver according to the inventton makes use of pitot symbols of all other users in the system In order to 
improve its channel estimation for user k. This gives more reliable data detection and for this the receiver needs to " 
know the channelizatton codes of all other users, and the positions of the respective pitot symbol btocks relative to the 
frame timing. It Is assumed that the receivers can obtain this information from the vartous control channels and by 
knowing the pitot symbol insertion algorithm (that is. how the pilot symbol blocks are arranged). It is advantageous to 
time-stagger the pitot symbols among the users, the receiver can then take estimates of the time-varying mobile com- 
munication channel more often and, thus. It becomes easier to track the channel by means of interpolatton or any other 
channel estimation algorithm. However, due to the time^rying nature of the awbile radto channel, for a good channel 
estimate tracking perfomiance it is better to take several channel estimates (at different time instances) during one 
frame rather than taking only one at the beginning of each frame; the two algorithms presented below provide such 
preferred pitot symbol block-arrangements among all users within a frame 

[0013] A more detailed description of a practical nrrobile cellular communicatton system is described below by way 
of example, and with reference to the foltowing figures . in which: 




Figure 1 shows a btock diagram of a nrkobile cellular connmuntoation system; 
Figure 2 shows a conventional CDf^ channel generator; 
Figure 3 shows a multi-user CDMA channel generator; 

Figure 4 shows a conventional single user CDMA receiver for use in a nx>blle terminal. 
Figure 5 shows one synchronous CDMA multi-user signal according to the invention; 
Figure 6 shows another synchronous CDMA multi-user signal according to the invention: 
Figure 7 shows a third synchronous CDMA multi-user signal according to the invention; 

[0014] Figure 1 illustrates in outline a CDMA mobile radto communication system in which an end user device (Mobile 
Statton 1 , 2, 3, 4, 5, 6 etc.) uses a CDMA multiplexing technique to communtoate with its nearest base station 13 via 
antennae 10 and 11, across an air interface 12. Once communlcattons established between a mobile station and Its 
base station, the mobile switching centre (MSG) 14a may establish a further connection to another MSC (e.g. 14b) or 
to other networks (17) via the central cdntroller 16. The base station broadcasts control information on the broadcast 
control channel (BCCH) and two way communication between the mobile and the base station is conducted on the 
traffic channel (TCH). The data transmitted over the traffic channel is divided into frames, with frames allocated to base 
to mobile station (downlink) and frames allocated to mobile to base station (uplink). 

[0015] Figure 2 shows a CDMA channel generator (30) for a particular user it A digital binary data signal whtoh it is 
desired to transmit over a radio channel to a mobile station is fed to the channel encoder 20. After interleaving 21 it is 
mapped on complex I & Q channels by serial to parallel conversion 22; two real bit symbols are mapped to form one 
complex l/Q symbol. The symbol is then multiplied with the complex channelizatton code 23 and hence spread from 
bit symbol-rate to chip-rate. A simple switch 24 controls the periodical pilot symbol (25) insertton to achieve time mul- 
tiplexed pitot symbols in between data symbols. 

[0016] In figure 3 the CDMA channels of N user, generated by CDMA generator 30a, 30b. ... 30 k (shown in a short- 
ened format), are added together (in adder 31) after user spreading to form one composite CDMA multi-user signal. 
This signal is further scrambled by multiplication with a scrambling sequence (32) to make the signal appear more 
random. After chip pulse shaping (33) and digital to analogue converston (34) the baseband signal is upHxxiverted (by 
modulator 35) to become a bandpass signal by multiplication with the desired carrier frequency, implemented through 
a voltage controlled oscillator (VCO 36). After radio frequency (RF) power amplification (37) the signal is fed to the 
antenna 38 and transmitted to the mobile terminals in the respective cell area. The pilot symbol insertion of all users 
is controlled by a central switch control algorithm 39. 

[001 7] The receiver illustrated in figure 4 is used for coherent detection of a signal using time multiplexed pilot sym- 
bols. The signal is received at the antenna 40, amplified 41 with a low noise amplifier and downconverted by multiplier 
42 and voltage controlled oscillator 43 to the baseband frequency The signal is then quantized using an analogue to 
digital (A/D) converter 44 and descrambled 45. The signal is then multiplied 46 with the appropriate channelization 
code for user k. The signal is accumulated over chips (47) to despread the signal and then sampled at the symbol 
rate by sampler 48 to obtain complex symbols. Controlled by a corresponding pilot symbol control switch 49, the pilot 
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serial conversion 52, Mntsri^svTss^^l^^a i^^^^^ '^'^ 

Looiej For each user in a Wideband CDMA (W-CDMAl «iv<itflm tro^ ■ * . 

and a number N. data symbols. The .o,ai n.mber o^syTbL /^rT^ M T V "TZ °' 

in the down link. ^ ^ '® ^t^tai = Np + and ts the same for all users 

^«'°"°wingalgorimms,naybeused,oca,oula,e,he^,,lono,ma«oc.o,pilo,symbo,s,. 



Algorithm 1 

[0020] For any user k, k=0,.,.,K-1 
where 



f (1) 



/C IS the current number o( users in the system 

''''--■*"''^**^««''^«"=''«-i«3.here3uBsof(,)andcarculateanewW,„,,,byset,ingW^^ ^ 
Algorithm 2 ^' 

- Sa,'''~'"^"""^^"'"^''^«~---<-"-^'«avesthe.ys,em,rearrange,hepilo. 

[0024] The overlap among blocks of pilotZiblTdiffI™™?, » ' °' '^"^""'^ l'^-^^) 

^rr™ ""^"^'^f' W„„,must be fulfilled. 
[0026] Set = 0 arxJ choose the variables , * = , k-I such that 

bymet:'^tme^?aTp— n''"''*'" 

Spi:rcVn:z:r.::,;r;^^^^ 

gered. overlapping, contiguous blocks of pS^mtofs Rqure 7 shot^Tl^^^^^^^ 

• "---^PP-g. noncontiguous bl^s ol pifo, Ws """"^ 

r7'i,i:r:ii:^;zre;:^^^^^^^^^^^^ 

also the algor^hm applied to time :;ta CS^^^^^ 

various control channels. The signal from the A/D conWrt^ J^, \ ^ f ^ ^'^"'^ ^ 
^ the appropriate channelization <^e x x Tf^ IrTi " '^'"^'"'^'^ C^) ^^d then correlated with 
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appropriate channelization code, x^. ... x^. The switching control algorithm (39) conifols switches 49a, 49b ... 49k, 
in order to select the time-multiplexed pilot symbols inserted in the other users' COMA signals. Depending upon the 
number of users within Ihe system, the receiver can now make many more channel estimates (80) during a frame, up 
* to having a continuous pilot signal if enough users are present This considerabfy improves the detection performance 
of the rrrabile station without the disadvantages of prior art continuous pilot tone. 



10 1 . A method of inserting pilot symbols into communication signals comprising: 

generating a plurality of signals to bo transmitted, each signal being divided into frames, each frame consisting 
of a plurality of blocks; 

generating a plurality of pilot signal bkxks to be inserted into the signals before transmission ; 
inserting into each frame of each signal a pilot signal block; and 

characterised in that 

the pi tot signal blocks are inserted in a time staggered fashion, spread though out the frame. 

^ 2. A method according to claim 1 characterised in that a receiver receiving a transmitted signal uses the pilot signal 
blocks in the other transmitted signals. 

3. A method according to claim 2 characterised in that the receiver uses the pilot signals blocks in performing channel 



4. A rnethod of inserting pi tot symbols into communication signals comprising: 

generating a plurality of signals to be transmitted as a composite signal, with each signal divided into frames, 
each frame consisting of a plurality of btocks; 

for each signal, Inserting a pilot signal block into each frame before transmission ; 
characterised in tf^t 

the pilot signal block of each signal is Inserted so that the pilot signal blocks within the composite signal are 
time staggered though the frame. 



5. A method according to claim 1 characterised in that a receiver receiving a transmined signal uses the pilot signal 
blocks which are present in the composite signals. 



Claims 
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